There are two major types of intermediate filaments in the nervous system: neurofilaments (NFs) and glial filaments. NFs exist as 10-nm filaments in the axoplasm of neurons, where they give tensile strength to dendrites and axons. NFs share several features with other intermediate filaments, such as being resistant to extraction at physiological pH and having a high degree of helicity. They are composed of three major polypeptides with molecular masses of 200, 150, and 68 kilodaltons (kD), respectively. As the name implies, neurofilament light (NfL) is the lightest of the three components.
In 1987, Swedish researchers on the team of legendary Kenneth G. Haglid managed to obtain pure fractions of the different NFs from bovine brain (Karlsson et al., 1987) , which was the basis for the generation of polyclonal rabbit antisera specific against the individual NF polypeptides (Karlsson et al., 1989) . The most promising combination of these was developed into the first ELISA for NfL (Rosengren et al., 1996) . Rosengren and colleagues showed that cerebrospinal fluid (CSF) NfL concentration was increased in amyotrophic lateral sclerosis (ALS), particularly so in patients with pyramidal tract involvement, and that increased concentrations also characterized Alzheimer's disease (AD), vascular dementia, and normal pressure hydrocephalus, but with lower magnitude of the rise compared with that seen in ALS (Rosengren et al., 1996) . The authors concluded that CSF NfL was a promising biomarker for neurodegeneration in general, a conclusion that has later been confirmed, e.g., in studies examining atypical parkinsonian disorders (Hall et al., 2012; Magdalinou et al., 2015) and frontotemporal dementias (Scherling et al., 2014) .
Monoclonal antibodies against NfL were developed (Norgren et al., 2002) , and a new NfL ELISA that did not depend on exhaustible antisera was established (Norgren et al., 2003) . Given the high expression of NfL in large-caliber myelinated axons, studies on multiple sclerosis (MS) soon followed. Researchers found that CSF NfL is increased in both relapsing-remitting and primary progressive MS, that CSF NfL concentration indicates ongoing axonal injury and reflects the intensity of the process, that CSF NfL concentration normalizes within 6-12 months in MS patients following initiation of clinically effective treatment, and that CSF NfL thus is a promising biomarker for disease intensity and progression, as well as for treatment response (Teunissen and Khalil, 2012) . Similar results on CSF NfL dynamics have been obtained in stroke, traumatic brain injury (TBI), HIV-associated dementia, and a broad range of other neuroinfectious conditions.
None of the clinical studies discussed above, however, have addressed the relationship between CSF NfL and neuropathology. To that end, joint first authors Bacioglu and Maia with colleagues performed a remarkable set of experiments in which they collected CSF (not the regular lumbar puncture and not the volumes clinical neurochemists are used to!) and blood over time in three transgenic mouse models of neurodegenerative proteopathies (P301S-tau mice as a model for tau pathology, APPPS1 mice as a model for amyloid b [Ab] pathology, and A53T-a-synuclein mice as a model for a-synuclein pathology). Using the same reagents that constitute the basis for the standard NfL ELISA discussed above, but transferred onto a platform with electrochemiluminescent detection that yields a 5-fold increase in analytical sensitivity compared with the ELISA, they measured CSF and serum/plasma NfL (Bacioglu et al., 2016) (Figure 1 ).
In the mouse models, CSF NfL increased in parallel or slightly before protein deposition. Intriguingly, in all three models, CSF NfL increased months before the first symptoms appeared, suggesting it might serve as a preclinical marker. By the time symptoms developed, CSF NfL concentrations in APPPS1 and P301S-tau mice were 10-20 times those in wild-type animals, while CSF NfL concentration in A53T-aS mice was 1,000-fold higher. Plasma NfL followed the same pattern; the correlation coefficients with CSF NfL were as high as 0.86-0.94 in the transgenic animals. However, in wildtype mice the correlation coefficient was lower, 0.47, and the increase in plasma NfL before symptom onset was less clear compared with CSF NfL. The two latter results may be explained by overall lower concentrations of NfL in wild-type mice and in the early phase of protein deposition in the transgenic models; these concentrations may simply be closer to the limit of quantification of the assay and thus more variable, suggesting that even more sensitive tests would be of value.
Next, Bacioglu, Maia, and colleagues performed a series of experiments in which the pathology load in the models was modified and the effects of these modifications on NfL concentrations were examined. Using a b-secretase inhibitor (one of the enzymes essential for Ab production from amyloid precursor protein, APP), they lowered Ab production in APPPS1 mice over 6 months. Both CSF and plasma NfL concentrations decreased in parallel with Ab load. Thus, the neuronal reaction to the treatment-induced reduction of Ab pathology could be monitored using CSF and plasma NfL. In a differently designed experiment, the authors worsened the a-synuclein pathology of A30P-aS mice by seeding the pathology in young animals with brain extract from aged A30P-aS animals. Lesions and symptoms developed more rapidly in seeded mice, and CSF and plasma levels of NfL increased more rapidly, in parallel with the number and size of the a-synuclein inclusions, corroborating the direct relationship between protein deposition and fluid NfL concentration.
Finally, the researchers measured CSF and serum NfL concentrations in neurodegenerative diseases resembling the three mouse models they examined: Parkinson's disease (PD), dementia with Lewy bodies (DLB), and multiple system atrophy (MSA), which are synucleinopathies; progressive supranuclear palsy (PSP) and corticobasal syndrome (CBS), which are tauopathies (although the latter diagnosis is very hard to make in vivo); and AD, which is the classical cerebral b-amyloidosis. The authors found CSF NfL concentrations to be increased over controls in all disease groups except PD. Overall, the NfL increase in the patients was smaller than in the mouse models, from 1.5-to 5.5-fold over healthy controls in both CSF and serum, but they were still clearly discernible and in agreement with previous studies (Hall et al., 2012; Magdalinou et al., 2015) .
Altogether, the paper by Bacioglu, Maia, and colleagues clarifies several outstanding issues in regards to the potential use and interpretation of CSF and plasma/serum NfL as a biomarker for neurodegeneration. The clinical data support CSF NfL as a general marker of neurodegeneration, and the plasma/ serum results suggest that similar information can be gained through a simple blood test (a major step forward). In the clinical work-up of suspected neurodegenerative disease, NfL will most likely be of limited value from a differential diagnostic perspective (with the differentiation of typical idiopathic PD from atypical parkinsonian disorders being one potential exception) but could instead be used to determine disease intensity and predict progression, and also identify disease onset in autosomal-dominant forms of neurodegenerative disease. Uniquely, in the mouse models, the data show that CSF and plasma NfL concentrations predict onset of neuronal dysfunction in response to pathology and reflect disease modification when pathology load is altered by treatment. Taken together, the data speak for a potential clinical scenario in which CSF and/or plasma/serum NfL may bridge preclinical research and be used in trials to detect treatment effects of novel diseasemodifying drug candidates in patients with increased NfL concentrations at baseline, and in the clinic to facilitate treatment selection and optimize dose finding faster than what would be possible using clinical assessment and/or neuroimaging.
In the field of neurodegeneration, any research team that could report treatmentinduced changes in NfL, similar to what has been reported after initiation of successful treatment against MS (Gunnarsson et al., 2011) , would be saluted. The encouraging results by Bacioglu, Maia, and colleagues suggest that disease modification in neurodegeneration is a reachable goal and that biomarkers like NfL may be an additional tool to help us achieve it.
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Figure 1. Neurofilament Light Is a Dynamic Cross-Disease Fluid Biomarker for Neurodegeneration
Schematic drawing of a neuron with the pathologies Bacioglu, Maia, and colleagues examined in relation to cerebrospinal fluid (CSF) and plasma/ serum concentrations of neurofilament light (NfL) in animal models of and patients with proteopathic neurodegenerative diseases (Bacioglu et al., 2016) . Intraneuronal inclusions of tau and a-synuclein (a-syn, Lewy bodies) are depicted along with extracellular aggregates of amyloid b (Ab). NfL is a protein highly expressed in large-caliber myelinated axons. Upon axonal injury, irrespective of cause, the protein leaks out into the brain interstitial fluid that communicates freely with the CSF and eventually ends up in the blood, from which it is cleared by unknown mechanisms.
The role of NMDA receptors in oligodendrocytes has been controversial. A new paper (Saab et al., 2016) suggests they play a key role in regulating glucose uptake in response to axonal glutamate release, thus controlling metabolic cooperation between oligodendrocytes and axons.
Myelinated axons face unique energetic challenges. During development, oligodendrocytes require a large amount of energy and carbon skeletons to construct myelin sheaths (Harris and Attwell, 2012) . Furthermore, once a sheath is formed, it isolates most of the underlying axon from the energetic substrate glucose present in the extracellular fluid, and some axons are so long that the supply of new mitochondria and glycolytic enzymes from the soma may take weeks to years (Nave, 2010) . This raises the question of where axons get their energy from, and how the energy supply can adapt to immediate energy needs. A paper in this issue of Neuron (Saab et al., 2016 ) reveals a novel NMDA receptor (NMDAR)-dependent mechanism that coordinates the supply of energetic substrates to oligodendrocytes and axons, aiding the initial development of the myelin sheath and ensuring the health of the axon once it is myelinated.
The role of NMDARs in oligodendrocyte linage cells has been controversial. Originally they were thought to be absent, but three separate studies (Ká radó ttir et al., 2005; Salter and Fern 2005; Micu et al., 2006) suggested that glutamate could activate an NMDAR-mediated current and calcium influx into oligodendrocyte precursors and myelinating oligodendrocytes, and that the Ca 2+ influx damages myelin in ischemia. The receptors were reported to contain weakly Mg 2+ -blocked subunits, allowing them to function even at the normal resting potential of oligodendrocytes. However, NMDAR expression is downregulated after the development of oligodendrocytes, and two previous studies reported that knockout of the NR1 subunit in oligodendrocytes did not have a major effect on myelination. Saab et al. (2016) found that applying NMDA to cultured oligodendrocytes increased trafficking of the glucose transporter GLUT1 to the surface membrane, while in vivo conditional knockout of the obligate NMDAR subunit NR1 in oligodendrocytes (driven by the CNP promoter, which turns on during oligodendrocyte differentiation, between post-natal day 5 [P5] and P10) led to a fall in the amount of GLUT1 in myelin. This is consistent with exocytosis of glutamate from axons acting on NMDARs to maintain the level of GLUT1 in ensheathing oligodendrocytes (Figure 1 ). How NMDAR activation increases GLUT1 level in the surface membrane was not investigated in depth, but Saab et al. (2016) Knockout of oligodendrocyte NMDARs starting after P5 did not prevent a normal myelin sheath thickness from being attained, but at P20 the myelination of small optic nerve axons was delayed (conceivably, use of a Cre line that turns on earlier in oligodendrocyte development to delete NMDAR signaling might result in a larger delay). This delay is consistent with the finding, from a cell culture model of myelination, that upregulation of oligodendrocyte NMDARs by neuregulin or BDNF leads to myelination becoming faster and dependent on neuronal activity (Lundgaard et al., 2013) . Presumably, therefore, release of glutamate by axonal action potentials activates NMDARs in oligodendrocyte lineage cells and increases glucose uptake into the cells; as a result, myelination is preferentially focused on active axons (Lundgaard et al., 2013; Mensch et al., 2015) , rather than on inactive axons that are undergoing developmental pruning or belong to neurons undergoing apoptosis.
